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Abstract

This note describeswork performedin the framework of the InternationalLinear Collider TechnicalReview
Committee[1] to estimatethepower loadon theTESLA extractionseptumbladedueto beamstrahlungphotons.It
is shown, that underrealisticconditionsthe photonload canbe several ordersof magnitudehigher thanwhat was
estimatedin the TESLA TDR [2] for the ideal Gaussianbeams,potentiallyrepresentinga seriouslimitation of the
currentdesign.

1 Introduction

In theTESLA linearcollider design[2], theoutgoingdisruptedbeams(chargedandneutral)sharethesamebeamline
with the incomingbeamfor at least50 m pastthe IP. The disruptedprimary beamis deflectedfirst by combined
electrostaticandmagneticseparator(whichdoesnot deflecttheincomingbeam)andthenby a septummagnet.Beam
losseson the beamlinecomponentsfrom the disruptedbeam,and from secondaryand neutralbeams,needto be
sufficiently small.

Figure1: Picturefrom the TESLA TDR. The power levels correspondto the ideal Gaussianbeamswith nominal
parameters.

In particular, excessivepowerdepositionfrom beamstrahlungphotonsneedto beavoided.Figure.1is reproduced
from theTESLA TDR [2] andshows thatthebeamstrahlungradiationis transportedto themaindumphall essentially
without losses(lessthan50W outof 360kW totalpower). In particular, only lessthan5 W is nominallydepositedon
theseptumblade.

Thequotedpower levelsapparentlycorrespondto idealGaussianbeamswith nominalparameters.It waspointed
out [3] that in morerealisticconditions(e.g. with beamjitter dueto groundmotion andvibration, andwith some
emittancegrowth dueto misalignments)thephotonloadsmayincreasesignificantly.
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Preliminarystudieshave confirmed[4] that in non-idealconditions,wherethedeliveredluminosity is still about
75%of nominal,thephotonloadontheseptumblademayreach1500to 2500W onaverage.Thetotal radiatedpower
wasalsohigherfor thenon-idealbeam:about500kW insteadof 360kW.

In this note,thebeamstrahlungphotonloadson theTESLA extractionseptumbladeareevaluatedmoresystem-
atically: with morecasesstudiedandwith betterstatistics.The earlierpreliminaryresults[4] arealsoincludedfor
consistency.

Dependenceon parametersis alsostudiedandpresentedbelow. In particular, thefollowing casesareconsidered:
thelow disruptionTESLA parameterset(see[1], TESLA projectdescription),intendedto halvethedisruptionparam-
eterDy to reducesensitivity to “bananaeffect”; a commissioningmode,whentheverticalbeamsizeis largerthanthe
desiredvalue;andtheTESLA 800GeV CM parameters.

2 An Ideal Gaussian Beam Case

To evaluatethe photonpower load on the septumblade,it is essentialto performfull beam-beamsimulations.The
programGUINEA-PIG [5] wasusedfor this purpose.Beamstrahlungphotons,generatedduringcollision,werestored
andthentheirangulardistributionwasanalyzedtofind theamountof totalphotonpowerontheseptum.Thisprocedure
is illustratedby Fig.2wherecollisionof idealGaussianbeamswith nominalTESLA parametersis shown togetherwith
theresultingspatialdistribution of beamstrahlungphotonsin differentprojectionsaswell astheangulardistribution
of thephotonenergy (in GeV permradperbunchcrossing).Theseptumbladeis definedasy � 9 mm to y � 11 mm
at 45mfrom the IP, or, in termsof theangles,0 � 2 � y� � 0 � 2444mrad. Thepower loadsareobtainedby integrating
thetotal energy of all photonsin this angularrange.

For the ideal Gaussianbeamwith nominalTESLA parameters,(Fig.2) the losseson the bladewerefound to be� 3 � 5 W, andthe total photonpower wasfound to be � 360 kW, in goodagreementwith TDR [2]. However, this
agreementcould only be achieved if a large numberof macro-particleswereusedin GUINEA-PIG to representthe
beam– in this particularcase300K macro-particleswereusedwhich is aboutten timeslarger thanwhat is typical.
Consideringthisexamplewith theidealbeams(Fig.2),weneedto notethatcollisionsof thebeamsremainsymmetrical
andthereis almostno evidenceof thebeam-beaminstability in spiteof thelargeverticaldisruptionparameter(which
is larger than20). This is because,for the largenumberof macro-particles,statisticaloffsetsof the beamaresmall
andinstability is suppressed.Taking into accountthat at the locationof the bladethe photondistribution from the
idealbeamis rapidlydecreasing,andtheseptumis placedjustat thecut-off, onecanalreadyconcludethatthereis not
muchof a margin in thepresentdesignandmorerealisticconditionsshouldbeinvestigated.

3 Integrated Simulations of Realistic Conditions

Realisticevaluationof thephotonloadon theseptumbladerequiresintegratedconsiderationof thewholemachine,
with accountfor variousimperfectionsanderrors(static and dynamic)happeningalong the beamline. Integrated
simulationsof TESLA havebeenperformedusingtheMAT-L IAR code[6] which includestheL IAR codefor tracking
in the linac, the DIMAD codefor trackingin bunchcompressorandbeamdelivery, andGUINEA-PIG for full beam-
beamsimulations,all encompassedby thepowerandflexibility of MATLAB.

A beamis tracked from the beginning of the linac to the IP. The beamlineelementsmay have both staticand
dynamicmisalignments(groundmotion andvibration). Threegroundmotion modelsA, B andC (quiet, moderate
andnoisy) were typically usedto representthe dynamicmisalignments.The groundmotion modelA is basedon
measurementsperformedin the LEP tunnel, the model B is basedon measurementsperformedat SLAC, and the
groundmotionmodelC is basedonmeasurementsperformedatDESY. Additional vibrationof thefinal doublet(FD)
canalsobe includedin simulations[10, 11]. Thoughmulti-bunchsimulationscanbe performedin MAT-L IAR, to
minimize computingtime andbecausemulti-buncheffectsarenormally not of a particularimportancefor TESLA
andcouldbeignored,only onebunchis trackedperpulse,to representtheentiretrain. Two linacsandbeamdelivery
systems(e- ande+ beamlines)aretracked simultaneously. Identicalopticsis usedfor e- ande+ parts,however an
increaseof thee-beamenergy spreadby 0.14%in theTESLA positronproductionwiggler is takeninto account.

Two differentmodelsof theTESLA fastintratrainIP beam-beamfeedbackhavebeensimulated.In thefirst (sim-
plified) feedbackmodel,theaveragepositionoffsetof thebeamsat theIP is subtractedbeforethebeamscollide. This
modelwouldcorrespondto aBPM basedIP feedback.In thesecondfeedbackmodel(feedbackwith full optimization
within thetrain) theaverageoffsets(positionandanglein this case)aresubtracted,thentheverticalbeamseparation
andtheverticalangleareoptimizedto maximizetheluminosityfor therestof thetrain. This feedbackassumesthata
fastandaccurateluminositymonitorexists. In thisway, eachcalculatedpulsecorrespondsto a trainwith assumptions
thatall bunchesin thetrainareequallywell correctedby thefeedback.Thebeamstrahlungphotonsarecalculatedfor
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Figure2: Collision of idealGaussianbeamswith nominalTESLA parameters,severalconsecutive snap-shots(left).
Spatialdistributionof beamstrahlungphotonsin syandx� y� (for eachbeam)projections(photonenergy is colorcoded),
anddistributionof photonenergy versusx� andy� (right). Dashedlinesshow angularlocationof theseptum.
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thebeamswith feedbackalreadyapplied,andthecalculatedlosseson theseptumbladearethereforeequivalentto the
averageover thetrain (ignoringbunch-to-bunchpositionjitter in thetrain).

In orderto estimatethepower loadon thebladedueto theinitial partof thetrain,wheretheintratrainfeedbackis
sweepingfastto bring thebeamsinto collision, thebeam-beamsimulationswerealsoperformedwithoutapplyingthe
IP feedback.Thelosseson thebladein this casemustbeweightedby thefractionof thetrain not in collision, taking
into accountthefeedbackconvergencespeed.For example,if oneassumesthattheintratrainfeedbackwill bring the
trainsinto collisionwithin thefirst 5 bunches,thecontributionof those5 bunchesto thetotalpower loadwill beabout
5/2820of thecalculatedlosses,where2820is thenumberof bunchesin theTESLA 500GeVCM train.

In this way, the beginning of the train (which may have significantoffset), andthe majority of the train (which
is broughtinto collision by the fast intratrainfeedback),areconsideredseparately. The total averagepower on the
septumbladeis estimatedby addingthesetwo numbersweightedappropriately.

Sincetheupanddown directionsareinterchangeablein simulations,andthenon-idealbeamcanbeasymmetrical,
bothdirectionswerecheckedandcompared,in termsof thepower loadonseptum,for bothe+ande-beams.

4 Realistic Cases Considered

It is essentialthat suchsimulationsare performedfor machineswith realistic misalignmentof beamlineelements
(acceleratingstructuresandquadrupoles)andwith realisticbeamjitter driven, in particular, by groundmotion and
vibration. The initial misalignmentshave beenchosenin sucha way that the machineproducesluminosity closeto
the nominal(which is assumedto be 34.5� 1033 cm� 2s� 1). This approachwill allow, in particular, considerationof
realisticemittancegrowth in thelinacandrealisticbeam-beameffects.

Severaldifferentcaseswerestudied.

� Case 1. A singlenon-idealTESLA machinewasconstructedby assumingthat linac has200micron random
misalignmentsof acceleratingstructures.Emittancegrowth in the linac wascorrectedby transverselyoffset-
ting someacceleratingstructures.GroundmotionmodelC, andadditionalvibrationof thefinal doubletwere
applied. Thesimplifiedmodelfor the intratrainIP feedbackwasused.Initial luminosityof this machinewas
approximatelyequalto the nominal. This is the samecaseasconsideredin [4] andit is reproducedherefor
consistency.

� Case 2. Onehundrednon-idealmachineswasconstructedby introducinga setof errorsto the linac partof a
perfectmachineandthenapplyingone-to-onecorrectionto thelinacto bringthemachinebackto approximately
nominal luminosity. The following threetypesof errorswereused:BPM-to-quadoffset σBPM, RF structure
offsetw.r.t. survey line σRF, RF structuretilts w.r.t. survey line σRFtilt (all uncorrelated).Thevaluesusedwere:
(σBPM, σRF, σRFtilt) = (25µm, 600µm, 300µrad). The intratrain IP feedbackwith full optimizationwasused
to bring the luminosity of thesemachinescloseto the nominal. Assumingthat suchfeedbackis applied,and
thereareno otherdynamicmisalignments,thefirst collision wasusedto determinephotonloadfor all hundred
machines.

� Case 2a. For oneparticularmachinebuilt asin Case2, groundmotionmodelC wasappliedandtheintratrainIP
feedbackwith full optimizationwasusedfor 256consecutivetrains(whichcorrespondsto 51 sat 5 Hz TESLA
repetitionrate).Theinitial luminosityof this particularmachinewasequalto thenominal.

� Case 2b. Thesameascase2a,but additionalvibrationnoiseof thefinal doubletwasincluded.

� Case 3a. The non-idealmachinewasconstructedin the sameway asin the case2, but a differenterror seed
waschosen.Thegroundmotionseedwasthesameasin thecase2a.Theinitial luminosityof thismachinewas
equalto about80%of thenominal.

� Case 3b. Thesameascase3a,but additionalvibrationof thefinal doubletwasincluded.

In all thesesimulations,only theIP feedbackwastakeninto accountfor dynamiccorrections.No otherfeedback
or orbit correction,either in the linac or in the beamdelivery, wasapplied. In principle, the orbit correctionin the
beamdelivery shouldbe taken into account,sinceits absenceresultsin a slow decreaseof the luminosity which is
alreadynoticeableafterapproximatelyhundredpulses.
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Figure3: Onehundrednon-idealmachines(Case2). Totalbeamstrahlungpowerversusluminosityof thefirst collision
(left plot) andprobabilitydistributionof thepower (right plot) for all machinesconsidered.
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Figure 4: One hundrednon-idealmachines(Case2). Beamstrahlungpower on septumversusluminosity of the
first collision (left plot) andprobability distribution of the power (right plot) for all machinesconsidered.Note the
logarithmicscalefor poweron theseptumblade.

5 Results and Discussion

The resultsfor Case 1 (consideredin [4] and quotedin [1]) are presentedin Fig.12-16. Fig.12 shows the beam
position at the IP beforethe simplified IP feedbackis applied,and the luminosity after feedbackis applied. (All
picturespresentedfor case1 show pulses140 to 170 of the total 256 calculated. This correspondsto a sequence
of particledatafiles saved in this simulation). The averageluminosity for this sequenceof pulsesis about75% of
nominal.Fig.12alsoshows that,for this sequenceof pulses,thermsof thebeampositiondifferencebeforefeedback
wasabout37nm,which is still smallcomparedwith thequotedin TDR capabilitiesof thefastintratrainfeedback.

The total photonpower for the non-idealbeamis shown in Fig.13. Onecanseethat the total photonpower is
about500kW, i.e. about50%higherthanfor theidealGaussianbeams.Without IP feedback,thetotalpower is about
650kW. Thephotondistributionsfor thenon-idealbeamafterbeingbroughtinto collision by feedbackareshown in
Fig.15. Thesedistributionsarewider thanfor the idealbeam(especiallyin y), causingthe losseson the bladeto be
about1500- 2500W on averagedependingon thebeam(seeFig.14,left plot). This figurealsoshows thatthelosses
fluctuatesignificantlyfrom pulse-to-pulse.The observed lossesarehundredstimeshigherthanwhat wasstatedfor
theidealbeams.Again, theselossesareaveragedovermany trains,andthereforethey arerelevant.

Thephotondistributionsfor thenon-idealbeamnotyetbroughtinto collisionis evenwiderandalsoasymmetrical,
seeFig.16. The Fig.14(right plot) shows that for the beginningof the train the instantaneouslosseson the septum
bladeareabout10 timeshigherthanfor themajority of the train (about8 kW for onebeam,and58 kW for another
in this case).Assumingthat thefeedbackbringsthebeamsinto collision within thefirst 5 bunches,asit is simulated
in [9], thecontribution of thebeginningof the train to the total power is about5 � 2820 � 58kW � 100W, still small
in comparisonwith therestof thetrain. Therefore,higherinstantaneousloadsfrom thebeginningof thetrainareless
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Figure5: An examplewith non-idealTESLA beams.Collision, severalconsecutive snap-shots(left). Spatialdistri-
bution of beamstrahlungphotonsandangulardistribution of photonenergy (right). For this particularcollision the
luminositywas97.5%,photonloadon septumreached0.48kW.
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Figure6: An examplewith non-idealTESLA beams,with morepronouncedbanana-shape.Collision,severalconsec-
utive snap-shots(left). Right picturesshow spatialdistribution of beamstrahlungphotonsandangulardistribution of
photonenergy (right). For this collision luminositywas100.5%,photonloadon septumreached3 kW.
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Figure 7: Photonscoming onto one of the blades(Case2a). Photonenergy versusvertical angle(left plot) and
probabilitydistributionof thephotonenergy (right plot) for thefirst 256pulses.

of a problem.This conclusionassumes,however, thattheintratrainfeedbackis not allowedto fail (or to performless
thanperfectly)evenwhencommissioning,which maymake it very difficult to tunethe final focusandsetupthe IP
feedback.

Resultsfor onehundredmachinesconsideredin theCase 2 arepresentedin Fig.3and4. Fig.3showsluminosityof
thefirst collisionof eachmachineversustotalbeamstrahlungpower. Aboutahalf of theseonehundredmachineshave
luminositywithin 5%of thenominal.As in thepreviouscase,themostprobabletotalphotonpower is about500kW.
Photonpower loadon septum,asa functionof luminosity, is shown in Fig.4, togetherwith probabilitydistribution of
the photonpower on the septumblade. Onecanseethat thereis no significantcorrelationbetweenluminosity and
eitherthe total power or thepower load, thoughthepower load is generallylower if luminosity is higher(at leastin
theluminosityrangefrom 0.95to 1.05of thenominal).Probabilityto havephotonloadof 5 W, asin Fig.1,is lessthan
severalpercents.With probability of 30% the power loadon septumwill exceed1 kW, andwith probability higher
than50%it will exceed300W.

Thesehigh power loadson the septumaremostly due to the beam-beaminstability, occurringin the colliding
beamsbecauseof thehighdisruptionparameteranddrivenby smallinitial offsetsor deformationsin thebunchshape
(banana-likebeams),whichalsooftenresultsin asymmetricaldistributionof outgoingphotons.A coupleof examples
of collisionsof non-idealbeams,togetherwith photondistributions,areshown in Fig.5and6. In thesetwo examples
the initial beamshapesaredifferentandfar from ideal (in the last casethe beamsandoutgoingphotonsarequite
asymmetrical)but thebeamshapesmatcheachotherin sucha way thatthedevelopmentof instability is delayedand
partlysuppressedsothatit doesnot causedecreaseof luminosity.

Resultsfor Case 2a arepresentedin Fig.7andFig.17-23.Qualitatively, theresultsaresimilar to theCase1. Some
particularcommentsaregivenbelow.

Fig.7 shows probabilitydistribution of thephotonenergy for the photonscomingontooneof theseptumblades
averagedover thefirst 256pulsesof this case.Onecanseethatabout5% of thehitting photonshave energy higher
than 30 GeV and about50% of photonshave energy higher than 3 GeV. Fig.17 shows that the luminosity (after
feedbackwith full maximization)startsfrom thenominalvalueandslowly decreasesto about65%to theendof the
sequence.This declineof luminosity is causedby growing aberrationsin thebeamdelivery, andcouldbeavoidedif
orbit correctionin thebeamdeliverywereapplied.It is interesting,however, to follow thedependenceof thepoweron
theseptumbladesversusluminosity. Onecanseethatwith luminosityabout100%of thenominalthephotonpower
loadis about0.5kW; with L � 75%thepowerreaches1.5-2kW; andwith L � 65%thepowerreaches4 kW. Onecan
alsoseethatpower loadsfor e+ande- beamlinescandiffer significantly.

Resultsfor Case 2b aresimilar to the previous case. Additional vibration of the final doubletresultsin larger
fluctuationsof theluminosityandhigherpower from theinitial partof thetrain,which is notyetbroughtinto collision
by theintratrainIP feedback.Thiscaseis presentedin Fig.24to 28.

Resultsfor Case 3a arepresentedin Fig.29-35.Theluminosity(afterfeedbackwith full maximization)startsfrom
80% of the nominalvalueanddecreasesto about55% to the endof the sequence.The photonpower loadsreach
1-3.5kW at L � 80%and2-6 kW at L � 55%.

TheCase 3b is qualitatively similar to case3a.Again, theadditionalvibrationof thefinal doubletresultsin larger
fluctuationsof theluminosityandhigherpoweronthebladefor theinitial partof thetrain. Correspondingplotsarein
Fig.36to 40.

8



To summarize,the correlationbetweenthe averagepower load on the septumbladeandthe luminosity is given
in theTable.1.As alreadymentioned,in thesecasesthedecreaseof the luminosity is causedby aberrationsin beam
delivery system.It appearsthat theseaberrationschangetheshapeof thebeamsin sucha way that theseshapesare
no longermatchedto suppressthebeam-beaminstability. Increasedinstability resultsin lower luminosityandhigher
photonloadson septum.

Table1: Approximaterelationsbetweentheaveragepower loadson theseptumbladeandluminosityobservedin the
consideredcases.(IP feedbackis applied.)

Luminosity Case1 Cases2a,b Cases3a,b
100% 0.5kW
80% 1-3.5kW
75% 1.5-2.5kW 1.5-2kW
65% 4 kW
55% 2-6kW

Therefore,in general,smallerluminosity correspondsto higherpower load on the septum.This would make it
especiallyproblematicwhenthemachineis beingcommissionedandhasnot yetattaineda nominalluminosity.

Thecorrelationof power loadandluminosityholdson averageanddependson thedetailsof thebeamshape.For
a givensequenceof trainsthis correlationmaybeabsent.Onecanseethatfor case2a,thepower loadis uncorrelated
with the luminosity in the rangeof L � 80% to 100%(Fig.23)andfor case3a the power load is uncorrelatedwith
the luminosity in the rangeof L � 60% to 80% (Fig.35). It appears,from this observation, that onecannotusethe
power loadasa signalto maximizeluminosity, andvice versa– maximizationof theluminositymaynot necessarily
resultin asmallerpower loadsonseptum,at leastif theluminosityis within about20%of themaximum.For acruder
optimizationof luminosity, thepower loadon septum(or a dedicateddevice,notwithstandingany issuesof hardware
survivability) canobviously serve asa signalfor the feedbackwhich maximizethe luminosity, evenwithin a single
train, sincethepower loadsfor thebeamnot broughtinto collision aremorethantentimeshigherthanfor thebeam
alreadybroughtinto collision by a feedback.

6 Dependence on the Ideal Beam Parameters

In this section,we will study dependenceof the losseson the ideal beamparameters.We checkseveral standard
setsof parametersandalsoinvestigateparametersthatmight beencounteredwhencommissioning.Notethatfor this
parameterstudyan ideal Gaussianbeamwasused,calculatedwith large (300K) numberof particles,so that beam-
beaminstability is suppressed.Therefore,all theseresultson dependenceon parametersarepreliminaryandneedto
beaugmentedby considerationof non-idealbeams.

Threecasesof standardparametersarecomparedbelow (all for idealGaussianbeams):

� StandardTESLA 500GeVCM parameterset
σ 	x � σ 	y � 554� 5 nm,β 	x � β 	y � 15� 0 � 4 mm,σz

� 300µm, N � 2 
 1010

� AlternativeTESLA500GeVCM parameterswith half theverticaldisruptionparameterDy, wherethesensitivity
to the“bananaeffect” would bereduced(see[1], TESLA ProjectDescription).Thebunchlengthσz is halved,
150µm insteadof 300µm (this would requirea secondbunchcompressor),thehorizontalbetafunctionat theIP
is 20mm insteadof 15 mm,andtheverticalbetafunctionis 0.3mm insteadof 0.4mm.

� StandardTESLA 800GeVCM parameterset
σ 	x � σ 	y � 391� 2 � 8 nm,β 	x � β 	y � 15� 0 � 4 mm,σz

� 300µm, N � 1 � 4 
 1010

Resultsfor thesecasesare shown in Fig.8. One can seethat even for the ideal beam,the photonanglesare
noticeablywider for the alternative 500 GeV parameterset with low Dy than for the standardparameterset, and
extendinto theangularrangeof theseptum.Power loadon septumis about100W evenfor this idealbeam,which
canhardlybeanadvantageof this parameterset.Of courseit is possiblethatwhenconsideringnon-idealbeamswith
theseparameters,thebeam-beaminstability will besmallerandwill not increasethephotonloadon theseptum.

On the otherhand,the situationseemsto be betterfor the 800 GeV parameters.For the ideal beamthe photon
anglesareabouthalf that for 500 GeV beamparameters.Non-idealbeamsmustbe studiedfor this caseaswell to
verify theconclusions,becauseDy is actuallylargerthanfor the500GeVparameters.
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It is alsoimportantto understandhow thephotonloadwouldbehavetowardstheendof commissioning,whenthe
beamparametersarecloseto nominal.Let’sconsideragainthestandard500GeVcaseandsupposethatall parameters
arealreadynominal,but theverticalbeamsizeis larger (which couldbe a realisticscenario).Let’s assumethat the
verticalsizeis σy

� 7 nm insteadof thenominal5 nm. Onecanseefrom theFig.9andFig.10thatthepower loadon
theseptumwill increasefrom about5 W to about120W for σy

� 7 nm. (Thesesimulationswerealsoperformedfor
idealGaussianbeams,sothepowernumbersarejustanindication).

Supposenow thatwe want to decreasethebeamcurrentto reducethephotonloadto thesamevalueasobserved
for thenominalbeam.Dependenceof thephotonpower loadon thebunchpopulationis shown in Fig.9. Onecansee
thatonewouldneedto decreasethecurrentto aboutN � 1 � 3 
 1010 with respectto thenominal2 
 1010, in orderto keep
thepower loadat thesamelevel. Thiswould imply thattheluminositywouldbereducedto � 5 � 7���� 1 � 3 � 2� 2 � 30%–
a muchlargerreductionthanwhatonewouldexpectjust from thebeamsizeincrease.

Fromthis parameterstudy, wheredifferentσy, σz, N andthebeamenergy wereconsidered,onecouldsuggesta
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very tentativescalingfor themaximalverticalanglesof photons(for theidealGaussianbeams):

Θy
� σy N � σz

Thoughthetotal photonpowerdependson thebeamenergy, thereseemsto beno dependenceof themaximalphoton
angleonthebeamenergy. Thescalingof thephotonanglesonparameters,givenabove,maynotbequiteobvious.For
example,the disruptionanglesof particlesafter beam-beaminteraction,asdeducedfrom computersimulations,are

givenby θy
� 0 � 55Dyσy σ � 1

z � 1 ��� 0 � 5Dy � 5 ��� 1� 6 [7] which for largeDy behavesasθy
� D1� 6

y σy � σz andalmostdoes
not dependon thebunchpopulationN in contrastwith thephotonangles.

Summarizing,thealternative TESLA parameterset,intendedto halve thedisruptionparameterandreducesensi-
tivity to “bananaeffect”, would have similar or higherphotonloadsin comparisonwith thestandardparameters.The
problemof photonloadsbecomesmoreseverein thecommissioningmode,whentheverticalbeamsizeis still larger
thanthedesiredvalue.Again, this studyof parameterdependenceis for idealbeamsonly, andshouldbeaugmented
by considerationof non-idealbeams,to accountfor theeffectof beam-beaminstability.
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Figure11: Luminosity, totalbeamstrahlungpowerandphotonpowerloadonseptumversusnumberof macro-particles
perbeamusedin beam-beamsimulations.IdealGaussianbeamanda beamwith artificial smallsin-like distortionof
theverticalshape.
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7 On the accuracy of beam-beam calculations

In all thesestudies,beam-beamsimulationsfor thenon-idealbeamsweremadewith 12K macro-particlesperbeam.
Theaccuracy of theluminosityandpower estimationscanbe judgedfrom Fig.11. In this case,collisionsof an ideal
Gaussianbeamwerecomparedwith collisionsof thebeamswhichhavesmallsin-like(or banana-like)distortionof the
verticalshape.Suchbeamsweregeneratedwith exactly thesameshapebut with differentnumbersof macro-particles
andthentheresultswerecompared.Onecanseefrom Fig.11thatwith 12K macro-particlesrepresentingthenon-ideal
beam,theaccuracy of luminosityandtotalpowerestimationis within severalpercents,andtheaccuracy of thephoton
power loadon septumestimationis within about30%which is sufficient.

Onecanseethatfor theidealbeam,at least300Kmacro-particlesareneededto accuratelyestimatetheluminosity
andphotonpower. Note again,that the large numberof macro-particlesin this casereducesstatisticalfluctuations
in the beamandthereforesuppressbeam-beaminstability. Thoughstudyingthe ideal beamscould be useful,asa
necessaryfirst step,suchpreciselysymmetricalbeamscannotberealizedin practice.

8 What is not included or needs to be studied further

In this note,it is assumedthat fastfeedbackcanstartimmediatelyfrom thebeginningof thetrain. Thebeginningof
thetrainmayhaveanirregulartransversepatterndueto highordermodes(HOM) thathavenotyet reachedthesteady
stateof HOM excitation. Accordingto theTDR, this patternis static(reproduciblefrom pulseto pulse)andcanbe
removedby feed-forwardcorrectionat theendof thelinac. If thestartof thefastfeedbackis delayedwith respectto
thestartof thetrain, for any reason,thecontribution to thephotonloadon theseptumfrom thebeginningof thetrain
will correspondinglyincrease.

In thesimulationof theintratrainfeedbackthebeampositionandanglesweresimply adjustedbeforebeam-beam
simulations,andnotobtainedby changeof thecorrespondingcorrectorsin thebeamline.Therefore,any dispersionor
otheraberrationsthatcouldresultfrom thesecorrectorswereignored.

Therearestudiesthatsuggestthickeningtheseptummagnetbladeto 5 mm. Thiscouldresultin evenhigherpower
loads,but perhapsfacilitatecooling.

Photonloadsonotherbeamlineelementsneedto bereevaluated.
Themulti-buncheffectsandin particularthebunch-to-bunchpositionjitter or shapejitter of thebuncheswithin the

train werenot takeninto account.Effectssuchaswake fields in thebeamdelivery collimators,which couldenhance
beampositionjitter [8], werenot includedeither.

Power loadson septumwereestimatedassimplesumof energy of all hitting photons.Detailsof interactionwith
materialandsurvivability of septum(or masksshadowing septum)shouldbeinvestigated.Othermitigationmeasures
(suchasintroductionof a horizontalcrossingangle),shouldbeevaluated.

9 Conclusion

In imperfectrealisticconditionstheaveragebeamstrahlungphotonpowerloadon theTESLA extractionseptumblade
canreachthekilowatt level insteadof severalwattsexpectedfor an idealbeam.High photonloadson theextraction
septumblademayposeseriouslimitation of thepresentdesignandshouldbeinvestigatedfurther.

10 Acknowledgements
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thatallowedintegratedsimulationsof theentirelinearcolliderfrom dampingringsto theIP takinginto accountvarious
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Figures for Case 1
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Figure12: Positionsof thebeamsat theIP beforeidealizedIP feedbackis appliedversuspulsenumber(at 5 Hz), top
plot. Luminosity versuspulsenumberwith simplified intratrainIP feedback(averageX andY offsetsareremoved
beforecollision),bottomplot.
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Figure13: Totalpowerof beamstrahlungphotonsfor theidealbeamandfor thenon-idealbeambroughtinto collision
by idealizedfeedback,left plot. Total power of beamstrahlungphotonsfor the non-idealbeamnot brought into
collision, right plot.
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Figure14: Powerof beamstrahlungphotonshitting thebladeof theseptum.Left plot: for thenon-idealbeamalready
broughtinto collision. Right plot: for thenon-idealbeamnot yet broughtinto collision (in this casethelosseson the
bladeshouldbeweightedby thefractionof pulsesbeforethefeedbackwouldbring thebeamsinto collision).
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Figure15: Horizontal(left) andvertical(right) distributionsof beamstrahlungphotonsfor theidealbeamandfor the
non-idealbeamafterbeingbroughtinto collision (averagefor pulses140-170).

−0.4 −0.2 0 0.2 0.4 0.6
10

−4

10
−3

10
−2

10
−1

10
0

TESLA, photons from IP, beginning of the train

E
γ [1

012
 G

eV
 m

ra
d−

1  b
c−

1 ]

 x’ [mrad]

ideal
pulses 140−170

−0.4 −0.3 −0.2 −0.1 0 0.1 0.2 0.3 0.4
10

−4

10
−3

10
−2

10
−1

10
0

10
1

TESLA, photons from IP, beginning of the train

E
γ [1

012
 G

eV
 m

ra
d−

1  b
c−

1 ]

 y’ [mrad]

ideal
pulses 140−170

Figure16: Horizontal(left) andvertical(right) distributionsof beamstrahlungphotonsfor theidealbeamandfor the
non-idealjittering beamnotyet broughtinto collision (averagefor pulses140-170).

15



Figures for Case 2a
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Figure17: Positionsof the beamsat IP beforeidealizedIP feedbackis appliedversuspulsenumber, top plot. Lu-
minosity versuspulsenumberbeforeany feedback,after simplified intratrainIP feedback(averageX andY offsets
areremovedbeforecollision),andafter intratrainIP feedbackwith full optimization(Y andY’ adjustedto maximize
luminosity),bottomplot.
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Figure18: Totalpowerof beamstrahlungphotonsfor theidealbeamandfor thenon-idealbeambroughtinto collision
by feedbackwith full optimization,left plot. Totalpowerof beamstrahlungphotonsfor thenon-idealbeamnotbrought
into collision,right plot.
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Figure19: Powerof beamstrahlungphotonshitting thebladeof theseptumfor thenon-idealbeamafterbeingbrought
into collision by feedbackwith full optimization(left plot). Rightplot show thesamepoweraveragedover16 pulses.
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Figure20: Power of beamstrahlungphotonshitting the bladeof the septumfor the non-idealbeamnot yet brought
into collision (in thiscasethelosseson thebladeshouldbeweightedtakinginto accounthow fastthefeedbackwould
bring thebeamsinto collision).
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Figure21: Horizontal(left) andvertical(right) distributionsof beamstrahlungphotonsfor theidealbeamandfor the
non-idealbeamafterbeingbroughtinto collision (averagefor pulses1-256).
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Figure22: Horizontal(left) andvertical(right) distributionsof beamstrahlungphotonsfor theidealbeamandfor the
non-idealjittering beamnotyet broughtinto collision (averagefor pulses1-256).
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Figure23: Poweron theseptumbladeversusluminosityfor thebeamsafterbeingbroughtinto collision by feedback
with full optimization(pulses1-256).

18



Figures for Case 2b
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Figure24: Positionsof the beamsat IP beforeidealizedIP feedbackis appliedversuspulsenumber, top plot. Lu-
minosity versuspulsenumberbeforeany feedback,after simplified intratrainIP feedback(averageX andY offsets
areremovedbeforecollision),andafter intratrainIP feedbackwith full optimization(Y andY’ adjustedto maximize
luminosity),bottomplot.
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Figure25: Totalpowerof beamstrahlungphotonsfor theidealbeamandfor thenon-idealbeambroughtinto collision
by feedbackwith full optimization,left plot. Totalpowerof beamstrahlungphotonsfor thenon-idealbeamnotbrought
into collision,right plot.
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Figure26: Powerof beamstrahlungphotonshitting thebladeof theseptumfor thenon-idealbeamafterbeingbrought
into collision by feedbackwith full optimization(left plot). Rightplot show thesamepoweraveragedover16 pulses.
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Figure27: Power of beamstrahlungphotonshitting the bladeof the septumfor the non-idealbeamnot yet brought
into collision (in thiscasethelosseson thebladeshouldbeweightedtakinginto accounthow fastthefeedbackwould
bring thebeamsinto collision).
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Figure 28: Vertical distribution of beamstrahlungphotonsfor the ideal beam,for the non-idealbeamafter being
broughtinto collision (left plot) andfor thenon-idealjittering beamnotyetbroughtinto collision (right plot), average
for pulses1-256.
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Figures for Case 3a
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Figure29: Positionsof the beamsat IP beforeidealizedIP feedbackis appliedversuspulsenumber, top plot. Lu-
minosity versuspulsenumberbeforeany feedback,after simplified intratrainIP feedback(averageX andY offsets
areremovedbeforecollision),andafter intratrainIP feedbackwith full optimization(Y andY’ adjustedto maximize
luminosity),bottomplot.
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Figure30: Totalpowerof beamstrahlungphotonsfor theidealbeamandfor thenon-idealbeambroughtinto collision
by feedbackwith full optimization,left plot. Totalpowerof beamstrahlungphotonsfor thenon-idealbeamnotbrought
into collision,right plot.
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Figure31: Powerof beamstrahlungphotonshitting thebladeof theseptumfor thenon-idealbeamafterbeingbrought
into collision by feedbackwith full optimization(left plot). Rightplot show thesamepoweraveragedover16 pulses.
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Figure32: Power of beamstrahlungphotonshitting the bladeof the septumfor the non-idealbeamnot yet brought
into collision (in thiscasethelosseson thebladeshouldbeweightedtakinginto accounthow fastthefeedbackwould
bring thebeamsinto collision).
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Figure33: Horizontal(left) andvertical(right) distributionsof beamstrahlungphotonsfor theidealbeamandfor the
non-idealbeamafterbeingbroughtinto collision (averagefor pulses1-256).
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Figure34: Horizontal(left) andvertical(right) distributionsof beamstrahlungphotonsfor theidealbeamandfor the
non-idealjittering beamnotyet broughtinto collision (averagefor pulses1-256).
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Figure35: Poweron theseptumbladeversusluminosityfor thebeamsafterbeingbroughtinto collision by feedback
with full optimization(pulses1-256).
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Figures for Case 3b

0 50 100 150 200 250 300
−100

0

100

200
Beams at IP before feedback

 Y
, n

m

rms of difference=40.5 nm

beam 1
beam 2

0 50 100 150 200 250 300
0

0.5

1
Luminosity with feedback

 pulse number

 L
um

i /
 n

om
in

al

before fbk
offset zeroed
lumi maximized

Figure36: Positionsof the beamsat IP beforeidealizedIP feedbackis appliedversuspulsenumber, top plot. Lu-
minosity versuspulsenumberbeforeany feedback,after simplified intratrainIP feedback(averageX andY offsets
areremovedbeforecollision),andafter intratrainIP feedbackwith full optimization(Y andY’ adjustedto maximize
luminosity),bottomplot.
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Figure37: Totalpowerof beamstrahlungphotonsfor theidealbeamandfor thenon-idealbeambroughtinto collision
by feedbackwith full optimization,left plot. Totalpowerof beamstrahlungphotonsfor thenon-idealbeamnotbrought
into collision.
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Figure38: Powerof beamstrahlungphotonshitting thebladeof theseptumfor thenon-idealbeamafterbeingbrought
into collision by feedbackwith full optimization(left plot). Rightplot show thesamepoweraveragedover16 pulses.
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Figure39: Power of beamstrahlungphotonshitting the bladeof the septumfor the non-idealbeamnot yet brought
into collision (in thiscasethelosseson thebladeshouldbeweightedtakinginto accounthow fastthefeedbackwould
bring thebeamsinto collision).
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Figure 40: Vertical distribution of beamstrahlungphotonsfor the ideal beam,for the non-idealbeamafter being
broughtinto collision (left plot) andfor thenon-idealjittering beamnotyetbroughtinto collision (right plot), average
for pulses1-256.
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